Aims. We report the discovery of two Li-rich giants, with A(Li) ∼ 1.50, in an analysis of a sample of 40 giants of the open cluster Trumpler 20 (with turnoff mass ∼ 1.8 M ⊙ ). The cluster was observed in the context of the Gaia-ESO Survey. Methods. The atmospheric parameters and Li abundances were derived using high-resolution UVES spectra. The Li abundances were corrected for nonlocal thermodynamical equilibrium (non-LTE) effects. Results. Only upper limits of the Li abundance could be determined for the majority of the sample. Two giants with detected Li turned out to be Li rich: star MG 340 has A(Li) non−LTE = 1.54 ± 0.21 dex and star MG 591 has A(Li) non−LTE = 1.60 ± 0.21 dex. Star MG 340 is on average ∼ 0.30 dex more rich in Li than stars of similar temperature, while for star MG 591 this difference is on average ∼ 0.80 dex. Carbon and nitrogen abundances indicate that all stars in the sample have completed the first dredge-up. Conclusions. The Li abundances in this unique sample of 40 giants in one open cluster clearly show that extra mixing is the norm in this mass range. Giants with Li abundances in agreement with the predictions of standard models are the exception. To explain the two Li-rich giants, we suggest that all events of extra mixing have been inhibited. This includes rotation-induced mixing during the main sequence and the extra mixing at the red giant branch luminosity bump. Such inhibition has been suggested in the literature to occur because of fossil magnetic fields in red giants that are descendants of main-sequence Ap-type stars.
Introduction
Although not well understood, the phenomenon of Li-rich giants seems to be ubiquitous as they have been observed in different environments: open clusters, globular clusters, metal-rich and metal-poor field stars, the Galactic bulge, and also in dwarf galaxies (see, e.g., Hill & Pasquini 1999; Gonzalez et al. 2009; Kumar et al. 2011; Ruchti et al. 2011; Kirby et al. 2012 Kirby et al. , 2016 D'Orazi et al. 2015 , and references therein).
Lithium-rich giants are usually defined as those that, after the first dredge-up, have A(Li) ≥ 1.50 dex. This limit is the postdredge-up Li abundance of a low-mass star according to standard evolutionary models, i.e., those models that include only convection as a mixing mechanism. The first Li-rich giant was a fortuitous discovery by Wallerstein & Sneden (1982) . Subsequent searches have shown that these stars comprise about 1-2% of red giants (Brown et al. 1989; Pilachowski et al. 2000) . Charbonnel & Balachandran (2000) suggested that these objects appear at the luminosity bump of the red giant branch (RGB) or at the early-asymptotic giant branch (AGB) for lowand intermediate-mass stars, respectively. Other recent results preferably classify these objects as core helium-burning giants (Kumar et al. 2011; Monaco et al. 2014 ; Silva Aguirre et al. 2014). Nevertheless, some Li-rich giants have been found throughout the RGB (see, e.g., Alcalá et al. 2011; Monaco et al. 2011; Martell & Shetrone 2013) .
Lithium-rich giants have other noteworthy characteristics that add complexity to the puzzle. Some present a farinfrared excess, suggesting a connection with enhanced mass loss (de la Reza et al. 1996) . This mass-loss event can also explain the observation of complex organic and inorganic compounds detected in the infrared spectra of some Li-rich giants (de la Reza et al. 2015) . In a few cases, the presence of circumstellar material has been confirmed by polarimetry (Pereyra et al. 2006) . Nevertheless, not all Li-rich giants have an infrared excess (see, e.g., Jasniewicz et al. 1999; Bharat Kumar et al. 2015; Rebull et al. 2015) . Fekel & Balachandran (1993) proposed a connection between Li enrichment, fast rotation, and chromospheric activity. Lithium-rich giants seem to be more common among fast rotating stars (∼ 50%; see, e.g., Drake et al. 2002) . A strong magnetic field was detected in one Li-rich giant by Lèbre et al. (2009) . Further examples of Li-rich, fast-rotating, active giants exist (e.g., Reddy et al. 2002; Kriskovics et al. 2014; Strassmeier et al. 2015) .
In addition, a few Li-rich giants hosting planets have been found (e.g., Adamów et al. 2012 Adamów et al. , 2014 . As proposed by Siess & Livio (1999) , surface Li enrichment could be caused by planet engulfment, which also causes spin-up, magnetic field generation, and shell ejection. However, planet accretion would create a 9 Be enhancement that has never been detected in Li-enriched objects (de Medeiros et al. 1997; Castilho et al. 1999; Melo et al. 2005; Pasquini et al. 2014 ) with the exception of one F-type dwarf in the open cluster NGC 6633 (Ashwell et al. 2005) . Alternatively, planet engulfment could activate internal Li production and induce its mixing to the surface (Denissenkov & Weiss 2000) .
Indeed, the properties of many Li-rich giants discovered within the Gaia-ESO Survey (Gilmore et al. 2012; Randich & Gilmore 2013) seem to be consistent with those of giants that engulfed close-in giant planets before evolving up the RGB (Casey et al. 2016 ). However, a small fraction of cases still require alternative explanations. Here, we report the discovery of two Li-rich giants that could be examples of such an alternative formation channel in the open cluster Trumpler 20, which is a system of ∼ 1.66 Gyr in age and [Fe/H] = +0.17 (Donati et al. 2014) . This paper is organized as follows. In Sect. 2 we briefly describe the data used here, the analysis, and the properties of our sample. In Sect. 3 we discuss how extra mixing is needed to explain the surface Li abundances of the majority of the sample. In Sect. 4 we discuss the two Li-rich giants and the possibility that they have avoided extra-mixing mechanisms. Finally, Sect. 5 summarizes our findings and suggests new observations that could support our interpretation of the Li enrichment in these two giants.
Data, analysis, and sample properties
The high-resolution (R ∼ 47 000) UVES (Ultraviolet and Visual Echelle Spectrograph, Dekker et al. 2000 ) spectra of 42 targets in Trumpler 20 were obtained in the context of the Gaia-ESO Survey. Data reduction is described in Sacco et al. (2014) . Basic information on the observed giants is available online in Table 1 .
The atmospheric parameters and abundances (see online Table 2) are part of the fourth Gaia-ESO internal data release (iDR4). The spectra were analyzed using the Gaia-ESO multiple pipelines strategy ) with an updated methodology (Casey et al. 2016b, in preparation) .
Membership was assigned using the radial velocities (RVs) as in Donati et al. (2014) . Likely members (40 giants in total) are those with RV within three standard deviations of the cluster average (RV ± σ = −40.2 ± 1.3 km s −1 ). One star is a subgiant 1 and one a probable nonmember (or binary) with deviant RV 2 . The Li abundances were determined from the 6708 Å line. In Fig. 1 , we compare the Li 6708 Å lines of the two Li-rich giants to those of stars with similar atmospheric parameters to illustrate the Li enhancement. Corrections for nonlocal thermodynamical equilibrium (non-LTE) effects were applied using the grid of Lind et al. (2009) . For the giants, the corrections range from 0.14 dex to 0.32 dex, depending on the atmospheric parameters.
The color magnitude diagram (CMD) of Trumpler 20 is shown in Fig. 2 . The photometry is originally from Carraro et al. (2010) corrected for differential reddening by Donati et al. (2014) . The uncertainties in the magnitudes are ∼0.02-0.05 mag. A noticeable feature in this CMD is the extended clump region of the cluster. Trumpler 20 is well known for its peculiar extended clump region (see Carraro et al. 2010; Platais et al. 2012; Donati et al. 2014 ). This feature is probably caused by the presence of two distinct clumps; the fainter clump comprises stars massive enough to start core He-burning in nondegenerate conditions and the brighter clump comprises stars with slightly lower mass that have been through the He-core flash (see, e.g., Girardi 1999; Girardi et al. 2000) . Figure 3 shows the sample in the T eff -log g plane. The group of giants with lower log g are either at the luminosity bump of the RGB or at the early-AGB, as both stages are within the error bars of the parameters in Fig. 3 and are hard to separate in the CMD of Fig. 2 . We can be more confident about the evolutionary state of the group of giants with higher log g because of their chemical abundances.
The evolutionary stage of the stars is an important source of information to interpret their Li abundances, as a high Li abundance could just be indicating that the giant is actually at the bottom of the RGB (e.g., Böcek Topcu et al. 2015) . Nevertheless, the C and N abundances of the giants demonstrate that they have all completed the standard first dredge-up. As shown in Fig. 4 , according to the models of Lagarde et al. (2012) , giants of 1.5 and 2.0 M ⊙ after the dredge-up have C/N ∼ 1, as do all the giants in our sample. Giants at the bottom of the RGB with T eff ∼ 5000 K would be in the stage before the end of the first dredge-up and thus would instead have C/N > 3. We can thus safely conclude that i) all the giants with T eff ∼ 5000 K are in the red clump and not on the RGB and ii) that all the brightest and coolest giants have completed the Li dilution expected during the first dredge-up. The C and N abundances of the Trumpler 20 giants were discussed in (Tautvaišienė et al. 2015) .
Extra mixing in the majority of the giants
Lithium abundances have been extensively used as a tracer of mixing processes, as Li is rapidly destroyed in (p,α) reactions at temperatures above 2.5 ×10 6 K (Greenstein & Richardson 1951) . Thus, Li only survives in the outermost layers of a star. As stars evolve to the RGB, the convective envelope deepens and Li from the surface is diluted. Figure 5 shows the Li abundances as a function of the effective temperatures (T eff ), for all cluster members, in comparison with the models of Lagarde et al. (2012) . The bulk of the stars fall in between the standard and extra-mixing models (solid and dashed lines, respectively). However, care is needed in interpreting the plot because of the evolutionary state of the stars.
The solid and dashed lines in Fig. 5 are predictions for first ascent RGB stars and not for clump giants. As we showed above, our giants with T eff ∼ 5000 K are clump giants and not first as- cent RGB stars. The observations should not be compared to this region of the models, but rather to the A(Li) level of coreHe burning giants (the dotted lines). The clump giants have Li upper limits on average of about 0.3 dex below the two top dotted lines (standard models). For lower temperatures, the second group of stars has also Li upper limits well below the prediction of the standard models. The clear exceptions to that are the two Li-rich giants, Trumpler 20 MG 340 and 591. This agrees with the findings of Brown et al. (1989) that giants with A(Li) ∼ 1.50 in agreement with standard models are a minority. Here, we are able to confirm this result in a large sample of giants of the same age, same initial chemical composition, and very similar masses. The enhanced Li depletion/dilution seen in the majority of the giants of Trumpler 20 is well documented in the literature (e.g., Lèbre et al. 1999; Pasquini et al. 2001 Pasquini et al. , 2004 , although the mechanism behind this extra mixing is still under debate.
We note another possible outlier, star MG 505, with A(Li) non−LTE = 1.25 ± 0.21. However, because within the errors its abundance agrees with the highest upper limit at its temperature, we do not consider it among those that agree with the standard models.
Inhibited extra mixing in two giants
Star MG 340 has A(Li) non−LTE = 1.54 ± 0.21 and T eff = 4851 K, while in eight other stars with T eff = 4850 ± 50 K there is one detection at A(Li) non−LTE = 1.25 and seven upper limits below A(Li) non−LTE ∼ 1.05. Star MG 591 has A(Li) non−LTE = 1.60 ± 0.21 and T eff = 4412 K, while seven other stars with T eff < 4600 K have upper limits below A(Li) non−LTE ∼ 0.76.
These two Li-rich giants do not show any additional chemical peculiarity when compared to the other cluster giants. Both stars seem to be single, but we do not have multiple epoch spectra to exclude long period companions. All sample giants seem to be slow rotators: v sin i < 4.0 km s −1 . Therefore, the Li enhancement is probably not connected to rotation in the sense seen by Lèbre et al. (2006) and Carlberg et al. (2012) . These authors found that in a given sample of giants, those with higher Li abundance tend to be those giants that are rotating faster, however, our giants might seem to be slow rotators because of an unfavorable line of sight. Slow rotation also argues against, but does not fully exclude, planet accretion with transfer of angular momentum as the source of the Li enhancement (see also Carlberg et al. 2016; Delgado Mena et al. 2016) . Thus, external pollution as advocated by Casey et al. (2016) to explain other Li-rich giants discovered within the Gaia-ESO Survey seems unlikely in our case.
Internal Li production was also suggested to explain Lirich giants. Fresh Li production might occur in the stellar interior through the 7 Be mechanism (Cameron & Fowler 1971) . However, it is still unknown which transport mechanism would bring 7 Be, which decays to 7 Li, to the surface (Sackmann & Boothroyd 1999; Palacios et al. 2001 ). Charbonnel & Balachandran (2000) argued that Li-rich giants were preferentially found at the bump and the early-AGB, and connected the Li enrichment with an extra-mixing process that activates at these evolutionary stages. For low-mass stars at the bump, the extra mixing would be connected to the Hburning shell that is moving outward and removes the molecular weight discontinuity left by the receding convective layer. In intermediate-mass stars, the extra mixing would take place at the early-AGB when the convective envelope deepens again.
The two Li-rich clump giants found by Silva Aguirre et al. (2014), with A(Li) = 2.71, and Monaco et al. (2014) , with A(Li) = 3.75, showed that the above scenario is at least incomplete. For clump giants, the Li enrichment could be connected to the He flash, following an episode of H injection in deeper high temperature regions (Mocák et al. 2011) .
Because of the large surface convective layers of giants, the observed Li surface enrichment is likely to be short lived. A Lirich low-mass giant that appears at the bump should not remain Li rich during its evolution to the clump. More likely, the two Li-rich giants discovered here have been freshly created during or close to their current evolutionary stages. Thus, to explain our Li-rich giants with internal Li production would require a combination of the two distinct scenarios above. One Li-rich giant would be created by mixing induced by the He flash, the other would be created by extra mixing at the bump. It also seems an odd coincidence that we would happen to observe both Li-rich giants at the moment in which their Li abundances are very close to the value expected by standard models.
While internal Li production could indeed be required to explain abundances above the meteoritic value (A(Li) > 3.0), this is perhaps not necessary to explain stars MG 340 and 591. We instead suggest that their higher Li abundance is the result of the inhibition of extra-mixing processes. Without extra mixing, their surface Li abundance is at the level predicted by standard models. In addition, this single scenario would be able to explain both giants regardless of their different evolutionary states.
If this suggestion is correct, two instances of extra mixing must have been affected. The first is the extra Li dilution beyond the predicted first dredge-up dilution, which is observed as the star leaves the main sequence toward the RGB. Observationally, it is well known that an extra mixing causes the Li dilution to start earlier than predicted by standard models (e.g., Lèbre et al. 1999; Pasquini et al. 2001 Pasquini et al. , 2004 . This is because rotationinduced mixing creates a Li-free region inside real stars that is larger than predicted by these models (Palacios et al. 2003) . In the two Li-rich giants, rotation-induced mixing must have been weak and the Li dilution proceeded as expected by standard models.
The second extra-mixing event to be avoided is the event taking place at the luminosity bump of the RGB (see Lagarde et al. 2012 , and references therein). The luminosity bump (see, e.g., Christensen-Dalsgaard 2015) happens at the RGB of lowmass stars when the hydrogen-burning shell reaches the composition discontinuity left behind by the first dredge-up. The current best candidate for the mechanism behind this extra mixing seems to be thermohaline mixing (Charbonnel & Zahn 2007b) , although there are discussions about the physical properties and efficiency of this mechanism (e.g., Maeder et al. 2013; Garaud & Brummell 2015; Lattanzio et al. 2015 , and references therein).
Star MG 340 in the extended clump of the cluster is likely to be a low-mass star. As discussed by Girardi (1999) , in such an extended clump, the less massive stars are actually the brighter stars. Both the CMD in Fig. 2 and the T eff -log g diagram in Fig.  3 seem to indicate that MG 340 belongs to the group of brighter giants. Thus, in our scenario, for it to keep an unaltered Li surface abundance, thermohaline mixing must have been inhibited. On the other hand, star MG 591 is either on the bump or on the early-AGB. If on the early-AGB, then it is an intermediate-mass star that does not go through both the He-flash and the bump phase. However, it would still need to inhibit thermohaline mixing at the early-AGB (see Lagarde et al. 2012 , and references therein). If on the bump, it either avoided thermohaline mixing or did not activate it yet. All other giants with similar T eff and log g have lower Li abundances. This could indicate that star MG 591 is also after the moment where thermohaline mixing becomes efficient. As pointed out by the referee, however, at this phase stars ascend and reascend the RGB, crossing the same T eff and log g region three times. Therefore, it is plausible that at least one star among the group at the bump has not yet activated thermohaline mixing. If this is the case, star MG 591 would not be an Li-rich giant, but a normal giant in a stage before extra mixing was activated.
Extra-mixing inhibition is not a new idea. Based on carbon isotopic ratios, 12 C/ 13 C, Charbonnel & Do Nascimento (1998) estimated that about 4% of low-mass giants do not experience extra mixing on the RGB. Charbonnel & Zahn (2007a) suggested that extra mixing is avoided by giants that are descendant from Ap-type main-sequence stars. In these stars, fossil magnetic fields would be able to inhibit thermohaline mixing. Modern estimates of the percentage of Ap stars with respect to nonmagnetic A-type stars are between 1.7-3.5% (North 1993; Power et al. 2007) . This is consistent with finding one or two stars in our sample of 40 giants of Trumpler 20 (a fraction of 2.5 or 5%). In addition, the stellar mass of our giants is within the mass range of Ap stars (∼ 1.5 to 3.6 M ⊙ , Power et al. 2007 ).
Summary
In this work, we presented the discovery of two Li-rich giants in the open cluster Trumpler 20. These two stars were identified in an analysis of a sample of 40 giants for which high-resolution spectra were obtained with UVES in the context of the Gaia-ESO public spectroscopic survey. This provides a unique large sample of giants that have the same age, same initial chemical composition, and very similar masses. The Li abundances in this sample clearly demonstrate that extra mixing is the norm in stars in this mass range. Giants with Li abundances in agreement with the predictions of standard models are the exception.
To explain the two Li-rich giants, we suggest that all instances of extra-mixing processes have been inhibited. Because of that, the surface Li abundance in these two stars remained at the level predicted by standard stellar evolution models, i.e., A(Li) ∼ 1.50. We argue that the fraction of Li-rich giants found in our sample is consistent with these giants being evolved counterparts of magnetic Ap-type dwarfs. In this case, the extramixing processes could have been inhibited by the action of magnetic fields, as suggested by Charbonnel & Zahn (2007a) .
Other explanations seem less likely, although they cannot be fully excluded. Extra Li from the accretion of external material should be accompanied by accretion of angular momentum, but there is no evidence of fast rotation in the two giants. Because the two Li-rich giants have different evolutionary stages, internal Li production would require two different mechanisms to bring the fresh Li to the surface. The extra-mixing inhibition hypothesis would instead be able to explain both giants at the same time.
Additional observations could help in providing extra support to our suggested scenario, or they could help to disprove it. First, if no extra mixing took place, the carbon isotopic ratio should be close to the prediction of standard models, 12 C/ 13 C ∼ 30. We could not determine the carbon isotopic ratio because the region around 8000Å, containing the CN bands preferred for this type of analysis in metal-rich giants, is not part of the Gaia-ESO spectra.
Second, there should likely be signs of magnetic activity in the Li-rich giants. Other candidates of Ap-type stars descendants were identified among giants and subgiants with magnetic activity (e.g., Aurière et al. 2014) . However, fossil magnetic fields beneath the surface are hard to detect (Aurière et al. 2015; Stello et al. 2016) . Nevertheless, the core-He burning star MG 340 is at one of the evolutionary phases where magnetic activity in giants is observed (Aurière et al. 2015) . We checked the Hα line in our spectrum, but it shows no evident sign of activity. This is not inconsistent, as not all active giants display emission in Hα (see, e.g., Fekel & Balachandran 1993) . Emission should be clearer in the Ca H and K lines or in the UV, which are not part of our spectra.
Finally, if such a scenario of extra-mixing inhibition is correct, it would likely apply to many, if not all, Li-rich giants with A(Li) ∼ 1.50 (or slightly higher) and masses between ∼ 1.5 and 3.6 M ⊙ . They would not have experienced fresh Li production, but would instead have preserved part of their original Li abundance. Notes. The star ID is taken from McSwain & Gies (2005) . For the metallicity, we adopt A(Fe) ⊙ = 7.45 as solar reference (Grevesse et al. 2007 ). The flag indicates if the Li abundance is a detection or an upper limit.
